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Abstrqct

As smoking rates n the general population continue to fatl in respense
to new information and changing social values, the continued high rate
of smoking among persens with psychiatric disorders has caught the
attention of society at many levels: public heatth officials, medicat and
mental heafth care providers, and concerned family members alike. As a
consequence, research studies aimed at quantifying the problem and
understanding its cause have increased dramaticatly over the past several
years. The following review first examines epidemiological studies that
have revealed a bidirectional causal relationship between tobacco
dependence and posttraumatic stress disorder (PTSD), one of several
mental health disorders in which tobacco dependence remains prevalent
and resistant to intervention. Second, we use a translational

neuroscience perspective to discuss possible neurobiological mediators of
the relationship between PTSD and tobacco dependence, hoping to spur
further human and animal research that will elucidate pathogenetic
mechanisms involved and inspire novel treatment interventions, Finally,
1o enable more effective clinical research in this area, we provide an
overview of effective scientific methods for assessing and managing
‘smoking status’ as an experimental variable in clinical research studies
of PTSD as well as other mental health disorders.
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Introduction

As smoking rates in the general population continue to fall in
response to new information and changing social values, the con-
tinued high rate of smoking among persons with psychiatric disor-
ders has caught the attention of society at many levels: public
health officials, medical and mental health care providers, and
concerned family members alike. As a consequence, research
studies aimed first at quantifying the problem and then under-
standing its cause have increased dramatically over the past
several years.

As reviewed by Leonard er al. (2001), 30% of all smokers have
some form of mental illness, while smokers with mental illness
consume up to 45% of the cigareites sold in the United States,
Other studies have shown that 60% of persons suffering from
mental illness smoke, compared to 25% of the general population.

These overall figures for nicotine dependence in the mentally ill
are mirrored in populations with posttraumatic stress disorder
(PTSD). Shalev et al. (1990) first noted an increase in the rate and
intensity of ‘(smoking among male military personnel with PTSD
compared to those without PTSD, an observation supported by
Beckham et al. (1997) who reported that 55% of male combat vet-
erans with PTSD smoked, compared to 45% of combat veterans
without PTSD; in addition, 48% of the combat veterans with
PTSD were classified as heavy smokers compared to 28% of those
without PTSD. Findings from these relatively small clinical -
studies appear to be confirmed by a recently reported epidemio-
logical study in 6742 male combat veteran twins (Koeenen ef af.,
2004}, wherein the prevalence of nicotine dependence was 72% in
subjects with PTSD, 52% in trauma-exposed subjects without
PTSD, and 40% in nontraumatized individuals. Interestingly,
genetic factors accounted for 63% of the association between
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694 Smoking and PTSD review

PTSD and nicotine dependence, while individually-experienced
environmental factors accounted for the remainder of the association.

Comparable smoking rates have been found in women and
community populations with PTSD. Acierno ef al. (1996) reported
smoking rates among traumatized women with and without PTSD
to be 1.3—1.8 times that of controls. In two large community epi-
demiological studies, Breslau et al (2003, 2004) found that
traumna exposure resulting in PTSD conferred a twofold greater
risk for the development of smoking dependence compared to
trauma exposure not resulting in PTSD, which in turn conferred a
twofold greater risk compared to no trauma exposure.

While the foregoing studies clearly demonstrate the high
comorbidity between PTSD and smoking dependence, the basis
for this comorbidity is not clear. As suggested by Breslau ef al.
(2003), the same vulnerabilities that lead to the development of
PTSD could increase the risk for development of smoking depend-
ence. A frequently proffered alternative hypothesis is that smoking
assuages the symptoms of PTSD and serves as a means of self-
medication {e.g. Beckham ef al., 1997). And finally, it is possible
that nicotine dependence increases the risk for PTSD.

An examination of the causal relationship between nicotine
dependence and PTSD has been recently completed (Koenen et al,
2005) and, surprisingly, supports all three of the above hypotheses.
Using survival analysis with time-dependent covariates, Koenen et

al. (2005) found that trauma exposure and PTSD both increased the -

risk for nicotine dependence. In addition, micotine dependence
doubled the risk for subsequent development of PTSD — an import-
ant observation given the extent to which new cases of PTSD
threaten to overwhelin existing mental health systems around the
world (e.g. Hoge et al., 2004; VanRooyen and Leaning, 2005).

The following discussion addresses possible neurobiological
mediators of the comorbidity between PTSD and nicotine depend-
ence with a particular, though not exclusive, focus on the hypo-
thalamic-pituitary—-adrenal (HPA) axis, a system that is both
critically involved in the development of nicotine tolerance and
affected by acute and chronic nicotine administration. In addition,
numerous studies have documented variable alterations in the
function of the HPA axis associated with PTSD (Yehuda, 2002;
Rasmusson ef al., 2003), some of which appear likely to increase
risk for smoking dependence. Hopefully, this discussion will spur
further human and animal studies that will elucidate mechanisms
involved in the pathogenesis of these disorders and inspire new
approaches to their prevention and treatment. Finally, an overview
of scientific methods for assessing and managing ‘smoking status”
as an experimental variable in clinical studies is intended to facili-
tate effective research in this area.

Effects of acute and chronic nicotine exposure
on the HPA axis

Animat studies

Acute activation of the HPA axis by nicotine Elevation of
plasma corticosterone levels by acute subcutaneous (Balfour ef af.,
19735), intraperitoneal (Freund et al, 1988), and intravenous

(Grota et al,, 1997) injections of nicotine are reliably induced in
rodents with peak Ievels occurring between 10 and 30min and a
return to baseline by 60-90min. Strain differences in baseline and

‘peak corticosterone levels, however, are evident (e.g. Grota ef al.,

1997, Freund et al., 1988). Studies primarily conducted in the rat
{reviewed by Matta et al, 1998) have shown that increases in
corticosterone induced by nicotine are initiated by activation of
nicotinic acetylcholinergic receptors {(nAChRs) located on cate-
cholamine neurons in the brainstem nucleus tractus solitarius
(NTS). These catecholaminergic neurons project to and activate «,
and o, adrenergic receptors located on hypothalamic paraventricu-
lar nucleus (PVN) neurons that contain corticotropin-releasing
factor {CRF, also known as corticotropin-releasing hormone or
CRH) (Matta er al, 1990), CRF, in turn, activates adrenocorti-
cotropin (ACTH) release from the anterior pituitary. Nicotine
doses that activate ACTH release from the pituitary also activate
neurcpeptide Y (NPY)-containing neurons in areas A2 and C2 of
the NTS; these neyrons also project to the PVN where they con-
tribute to activation of CRF synthesis and release (Matta er al.,
1997b) (see Fig. 1).

While the attention of research has primarily centred on inter-
actions between nicotine and central nervous system components

of the HPA axis, direct effects of nicotine on steroidogenesis in -

the adrenal gland also may contribute to increased cortisol levels
in association with smoking. The limited research to date suggests,
however, that such effects are species specific. Rubin and Warner
(1975) demonstrated nicotine-induced steroidogenesis in adreno-
cortical cells of the cat. Krueger ef al. (1991) showed no effect of
acute or chronic nicotine on steroidogenesis in ex vive adrenocor-
tical cells of rats. Benyamina et al. (1987), on the other hand,
showed that corticosterone and aldosterone output from ex vivo
frog adrenal tissue is stimulated by activation of muscarinic but

not nicotinic cholinergic receptors. This suggests that activation of

the cholinergic nerve fibres of the splanchnic nerve, as occurs in
Tesponse to neurogenic stress, could potentiate the increase in ghu-
cocorticoid secretion stimulated by nicotine effects in the central
nervous system (CNS), consistent with the observed additive
nature of stress and smoking on plasma cortisol levels (Pomerleau
and Pomerlean, 1989). As discussed below, this might potentiate
the development of nicotine dependence.

Sex-specific effects of nicotine on HPA responses also exist.
Male compared to female rats show a substantially greater dose-
related arginine vasopression (AVP) response to nicotine of a
combination of cholinergic agonists and antagonists that mimic
nicotinic receptor stimulation. Female rats show greater, dose-
related ACTH and cortisol responses to nicotine (Grota ef al.,
1997; Rhodes ef al, 2001). AVP potentiates the activation of

~ ACTH by CRF and mediates novelty-induced increases in ACTH

after chronic stress (Aguilera, 1994; Marti ef /., 1994). This sug-
gests that nicotine-induced states of activation in chronically
stressed male animals might mimic states normally triggered by
exposure to novelty and promote fearful or defensive responding.

Desensitization of nicotine’s effects on the HPA axis Studies
in animals (e.g. Cam and Bassett, 1984) suggest that the acute
effects of daily nicotine injections on plasma ACTH and cortico-
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sterone release desensitize over several days. Desensitization of the
ACTH response in animals occurs more rapidly in response to more
frequent intermittent delivery of nicotine, and is accompanied by an
increase in the number of desensitized nAChRs. Nevertheless, nor-
epinephrine (NE) release in the PVN is reduced by enly about 50%
after repeated injections of nicotine, suggesting that the more pro-
nounced reductions in ACTH release are mediated only in part by
‘desensitization of nAChRs in the NTS. This suggests that chronic
nicotine exposure has additional effects on the HPA axis further
downstream. For example, chronic nicotine exposure could poten-
tially downregulate (a) noradrenergic receptors in the PVN, (b} CRF

Teceptors on pituitary corticotropes, or (¢) ACTH synthesis and -

vesicular packaging in the pituitary; in addition, factors that modu-
late activation of CRF receptors by CRF at the pituitary {e.g. AVP,
NPY, or NE inputs) may be altered, Finally, glucocorticoid negative
feedback provoked by recent activation of the HPA axis by nicotine
appears to contribute modestly to reductions in ACTH responses to
a second dose of nicotine (Sharp and Beyer, 1986). While not previ-
ously studied, negative feedback provided by other adrenal hor-
mones released in response to smoking {(eg. NPY or
allopregnanolone) also may contribute (Barbaccia et al, 1996,
1997; Antonijevich ef al., 2000).

Human studies

Activation of the HPA axis by nicotine in humans In humans,
activation of ACTH and cortisol release by nicotine cccurs in

Hypothalamus

Pituary

ACTH (+)

Adrenals -

response to relatively high doses of nicotine (reviewed by Pick-
worth and Fant, 1998), For example, Garcia Calzado ef al. (1990) -
observed increases in ACTH in chronic smokers at 10 and 20 min
after the smoking of two cigarettes containing 2.2mg nicotine;
cortisol increases were measurable only 20min after smoking,
appropriately lagging after ACTH, and correlating as one might
expect, with increases in plasma levels of nicotine and cotinine,
the proximal metabolic byproduct of nicotine. Coiro and Vescovi
(1999) showed smoking-related increases in both plasma ACTH
and cortisol levels in otherwise healthy chronic male smokers but
no changes in ACTH or cortisol in chronic smokers with alco-
holism who had been abstinent from alcohol for 2 and 12 weeks.
Therefore, while animal studies have demonstrated complete
desensitization of HPA axis responses to nicotine after chronic
nicotine exposure, human studies in medically healthy populations
suggest that HPA axis responsiveness to cigarettes is maintained
in chronic smokers (e.g. Garcia Calzado et af, 1990; Ceiro and
Vescovi, 1999). This may result from resensitization of nAChRs
due to the intermittent pattern of smoking adopted by many indi-

- viduals.

However, it is important to point out that control populations
of smoking naive individuals were not included in the studies pre-
sented. It is thus possible that HPA axis responses were at least
somewhat desensitized in the individuals studied. In addition,
there have been no studies of smoking effects on HPA axis func-
tioning in populations with defined psychopathology wherein even
heavier levels of smoking may occur virtually around the clock

© 2006 British A

use or

Downloaded Irom: hiip:¥jop.sagepub-com at DARTMOUTH COLLEGE on February 22, 2007
for f gy. All rights Not for




696 Smoking and PTSD review

(e.g. it is not at all uncommon for patients with severe PTSD to
smoke through the evening and during the middle of the night
when they cannot sleep). This is obviously a glaring deficit in the
literature given the fact that rates of dependent smoking are so
much higher in these groups and given that the HPA axis may play
a role in nicotine-induced state changes either sought by or inad-
vertently experienced by these individuals. Thus, future studies
should be done to determine whether such smokers retain reactiv-
ity of the HPA axis to smoking or exhibit complete desensitiza-
tion.

Effects of nicotine on HPA axis reactivity to other activators in
humans While HPA axis responses to smoking appear to be at
least partially retained in healthy humans in response to relatively
high nicotine doses, pituitary and adrenal responses to activators
of the HPA axis besides nicotine are consistently dampened —
perhaps providing an example of cross-‘desensitization’ (Table 1

" below). Sellini et al (1989a) showed that ACTH and cortisol
responses to insulin-induced hypoglycaemia were markedly
reduced in smokers of more tham ten cigarettes per day.
Kirschbaum ef al (1994) and Tsuda e ol (1996) showed
decreased cortisol responses to the Trier Social Stress test in
chronic smokers who recently smoked. Kirschbaum ef al. (1994)
additionally showed blunted ACTH and cortisol responses to
exhaustive exercise testing and CRF challenge in smokers com-
pared to nonsmokers. Similarly, Krishnan-Sarin et al (1999)
found that smokers had decreased cortisol responses to HPA axis
activation by naloxone, a mu opioid antagonist that acfivates
central noradrenergic neurons. In addition, recent smoking, com-
pared to overnight abstinence suppressed cortisol reactivity to a
mental task (Tsuda er al,, 1996); both of these conditions, in turn,
were associated with relative blunting of cortisol responses in the
smokers compared to the nonsmokers.

As noted above, work in animals suggests that decreases in
reactivity of the HPA axis to environmental or endogenous stimuli
may be due — but only partly — to the negative feedback provided
by cortisol released in response to smoking (Sharp and Beyer,
1985), Thus it is possible that other adrenal compounds such as
allopregnanolone or NPY are involved. In addition, an upregula-
tion of glucocorticoid receptors in the pituitary, hypothalamus, or

higher brain areas in response to chronic reductions in cortisol
release in response to mental or physiological stress in smokers
might reduce ACTH responses to CRF stimulation. This possibil-
ity is supported by the work of Sellini et al. {1989b) showing that
nicotine-induced increases in cortisol were inhibited in smokers
compared to nonsmokers after administration of 1mg of dexam-
ethasone the night before. And finally, it is possible that alterations
in nAChRs themselves, present in pathways mediating HPA axis
activation in response to natural physiological stressors, may be
involved. )

The blunting of cortisol responses to mental stress in smokers
may be relevant to our interpretation of studies of HPA axis func-
tion in PTSD. High rates of smoking and/or the imposition of
smoking abstinence in PTSD subjects participating in clinical
studies may account for decreases in 24 h urinary or plasma corti-
sol levels observed in some PTSD populations (Rasmusson et al.,
2003). It is also possible that smoking-stimulated increases in
plasma adrenal steroids in combination- with the suppressive
effects of smoking on cortisol responses to other activators of the
HPA axis could contribute to the variability in the ouicomes of
these studies. The possible enhancement of glucocorticoid negat-
ive feedback by smoking (Sellini ef al., 1989b), alse could account
for findings of enhanced glucocorticoid negative feedback in some
populations with PTSD. Thus it will be critical to characterize
smoking pattems among study participants in future studies of
HPA axis regulation in PTSD and mental disorders so that study
findings can be accurately and confidently attributed.

Chronic smoking and baseline HPA axis-related hormone levels
in humans As indicated in Table 2 below, several studies have
found differences in baseline levels of HPA axis-related hormones
in smokers compared to nonsmokers, but the direction of effect
varies from study to study. The more variable effects of chronic
nicotine exposure on the HPA axis in humans compared to labora-
tory animals may result from the capacity of humans to control
their nicotine intake. For instance, a light, intermittent smoker
exposed to lower quantities of nicotine may retain reactivity of the
HPA axis in response to smoking whereas a chronic, heavy
smoker may maintain a relatively high and stable plasma nicotine
level and desensitize HPA axis responses to smoking. These

Table 1 Chronic smoking effects on ACTH and cortisol responses to physiological and mentat stress

Study Subjects Manoeuvre ACTH Cortisol
Sellini ef al. (1989a) Males and females Insulin-induced hypoglycaemia Decreased (plasma) Decreased (plasma}
Kirschbaum et al. (1994) Males CRF challenge Decreased® Decreased?
Exhaustive exercise Decreased? Decreased®
Trier Social Stress Test Decreased? (salivary) Decreased? (salivary)
Tsuda et al. {1996) Males Mental Arithmetic:

Krishnan-Sarin et af. (1999) Males and females

After avernight abstinence
After morning smoke
Natoxone challenge

Blunted
No response (salivary)
Decreased {plasma)

*Non-significant decreases in an underpowered study of 10 subjects per group; a doubling of subject number would have been necessary to achieve

significance given the mean difference between the smokers and nonsmokers.
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Smoking and PTSD review 697
Table 2 Effects of chronic smoking on baseline ACTH and cortisol levels in smokers compared to non-smokers
Study Subjects Manceuvre ACTH Cortisol Other
Sartori et al. (1993} 10 premenopausal non- Variably timed Encreased Increased Increased prolactin
(Ttaly) abstinent female smokers plasma samples on
of 2-20 cigarettes/day vs.  menstrual cycle
10 nonsmokers {all with days 7, 14, and 21
hypertrichosis}
Kirschbaum et ai. (1994) 10 male nonabstinent Plasma and saliva No difference
(Germany) smokers vs. 10 male sampled each 15min
nonsmokers Letween 9AM and 9PM
Baron et al. (1995) 11 postmenopausal Morning plasma Trend for Increased DHEAS and
(USA) overnight abstinent increase androstenedione; Trend for
female smokers of 10-25 increased 17-0H-
cigarettes/day vs. 11 progesterane
nonsmokers
Krishnan-Sarin ef al. {1999} 5 male and 4 female Moming plasma Decreased
(UsA) overnight abstinent
smokers of 20-25
cigarettes/day vs. 7
male and 4 female
nonsmokers
del Arhol et al. (2000) 85 overnight abstinent Morning plasma Lowerin  Increased in B-endorphine increased only
{Spain) ‘male smokers vs. 22 heavier heavier smokers  in light smokers (<10
nonsmokers smokers cigarettes/day)

hypotheses are supported by the work of Kirschbaum ef a/. (1994)
wherein: (a) the magnitude of ACTH, plasma cortisol, and sali-
vary cortisol responses after smoking correlated positively with
absolute plasma nicotine levels achieved but (b) the number of
cigarettes smoked per day cormrelated negatively with the ACTH
response. Del Arbol (2000) similarly reperted that B-endorphin
levels (a precursor for ACTH) were increased only in light
smokers whereas ACTH levels decreased with heavier smoking.
As might be expected, given the findings presented in Table 1,
baseline morning cortisol levels were lower in smokers after
overnight abstinence compared to nonsmokers in a study by
Krishnan-Sarin et al (1999), perhaps because endogenous
moming ACTH peaks were blunted in these heavy smokers
{ACTH was not measured). Three studies, however, showed at
least a trend for increased cortisol levels in smokers compared to
nonsmokers. Cortisol levels may have been increased by recent
smoking in the study by Sattori ef al. (1993). The smokers in the
studies by Baron et al (1995) and del Arbol er al (2000),
however, were abstinent ovemight. Perhaps another factor
accounts for the presence of high plasma cortisol levels in these
studies. The Sartori ef al. (1993) study was conducted in a female
population with hypertrichosis, a condition typically associated
with increased androgen levels. The Baron ef al. (1995) study was
conducted in women with documented high androgen levels. The

del Arbol et al. (2000) study was conducted in Hispanic males, a

population in which heterozygosity for adrenal 21-hydrexylase

deficiency affects up to one in four individuals (Witchel et al.,
1997). Heterozygosity for 21-hydroxylase deficiency, in turn, is
associated both with increased androgen levels and increased cor-
tisol reactivity to ACTH (Witchel ef al., 1997). We thus speculate
that genetically-based increases in cortisol reactivity may be
present before the onset of smoking in some individuals and con-
tribute to the development of nicotine tolerance and high intensity,
dependent smoking,

General considerations We suggest that the pattern of smoking
adopted by an individual may depend on a smoker’s particular
psychophysiological needs. For example, some smokers may seek
to suppress HPA axis activity and others to increase it in order to
benefit from changes in particular adrenally-derived neuroactive
compounds. Indeed, while most studies of nicotine effects on HPA
axis function use cortisol as a dependent measure, cottisol is not
the only adrenal hormone of relevance to mood and cognitive
function (Fig. 1, also see Rupprecht, 2003). For example, adrena-
lly-derived dehydroepiandrosteroine (DHEA), an androgenic
steroid, is thought to be the primary source of DHEA and its sul-
fated metabolite, DHEAS, in the human brain (Compagnone and
Mellen, 2000). Both DHEA and DHEAS positively modulate
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698 Smoking and PTSD review

N-methyl-D-aspartate (NMDA) receptor function, antagonize
GABA, receptor-mediated chloride ion flux, and stimulate sigma
receptors (Baulieu and Robel, 1998). Allopregnanolone, on the
other hand, is an adrenal stercid with anxiolytic and anaesthetic
effects due to its capacity to positively modulate brain GABA,
receptors. Research in male rats has shown that allopregnanolone
released from the adrenal cortex during stress contributes substan-
tially to CNS allopregnanolone levels (Purdy, 1989). In addition,
high, (0.5-2mg/kg), but not low (0.03-0.3 mg/kg) doses of nico-.
tine have been shown to increase brain pregnenalone, proges-
terone, and allopregnanolone levels in rats (Porcu er al., 2003).
Plagsma levels of NPY increase in response to ACTH in healthy
individuals (Rasmusson ef al., unpublished observations) and afier
smoking in naive subjects (Rudehill et al., 1989). Increases in
plasma NPY after extreme stress, in turn, have been associated
with lower levels of distress and dissociation (Morgan et /., 2000,
2002). In addition, all of these adrenal hormones exert feedback
cffects on the HPA axis, DHEA may contribute to upregulation of
the HPA axis via antiglucocorticoid effects (Blauer et df., 1991;
Morfin and Starka, 2001), while both DHEA and DHEAS may do
50 via their capacity to positively modulate NMDA receptors and
antagonize GABA, receptors (Baulieu and Robel, 1998). Periph-
eral increases in allopregnanolone (Barbaccia et al, 1997) and
NPY (Antonijevic e al, 2000) appear to provide a dampening of
ACTH and cortisol release.

Inter-individual variability in the production and release of
each of these neuroactive compounds would be expected to result
in differing ratios among them in the plasma or CNS$ afier adrenal
activation. Since the release of these compounds is influenced by
genetic inheritance (e.g. Witchel et af., 1997; Jacobs et al, 1999;
Kallio ef al., 2001) as well as experiential factors such as extreme
stress exposure (e.g. Corder et al., 1992; Morgan et al., 2002; Son-
dergaard er al., 2002; Morgan et al., 2004), adoption of light or
heavy tobacco use may be used to optimize their levels and
balance. In fact, much research to date supports the idea that a
balance among peripheral adrenally-derived neurcactive com-
pounds influences mood and cognitive capacity. For example, low
levels of DHEA(S) alone or in relation to cortisol have been

related to depressed mood and reduced feelings of vigour and

well-being in several, though not all studies (Yaffe er al., 1998;
Goodyer et al, 1998; Cruess et al., 1999; Heinz e al., 1999;
Michael et ai., 2000; Young et al., 2002).

Nicotine dependence and PTSD: the chicken
and the egg

Trauma exposure and PTSD facilitate nicotine
dependence: a role for the HPA axis?

As reviewed by Picciotto (2003), animal studies show that similar
nicotine administration paradigms result in very different out-
comes with regard to nicotine self-administration, place prefer-
ence, and other indicators of risk for nicotine dependence in
different species of animals and even among different strains of
the same species. Picciotto (2003) argues that the outcome of

these studies may be influenced, in part, by baseline states of
arousal and anxiety that shift the balance between activation and
antagonism of central nAChRs and thereby influence the develop-
ment of nicotine tolerance. We suggest that activity of the HPA
axis in response to novelty or threat and subject to genetic varia-
tion mediates or at least significantly contributes to such states of
arousal and anxiety — through the effects of varying proportions of
neuroactive hormones released during stress. Resulting dysfunc-
tion in brain areas that modulate reward, including the frontal
lobe, nucleus accumbens, and hippocampus (Chambers et al.,
2001) may then promote acquisition and retention of nicotine
dependence.

This idea is not new, Substantial previous work indicates that

the HPA axis plays a critical role in the development of nicotine.

self-administration and nicotine tolerance, a process leading to
escalation in the dose of nicotine required to achieve desired
effects (Corrigall and Coen, 1989; reviewed by Caggiula et al,
1998). For example, corticosterone decreases the expression of
both high and low affinity nAChRs (Pauly and Collins, 1993) and
acts noncompetitively as a rapid, allosteric irthibitor of nAChR
function (Ke and Lukas, 1996). Secondly, simple re-exposure of a
rat to a context in which it previously received nicotine results in
suppression of subsequent nicotine effects including elevations in
corticosterone, locomotor suppression, and antinociception. Such
‘conditioned’ or learned tolerance to nicotine appears to be medi-
ated by conditioned activation of the HPA axis (Caggiulla et al,
1998) — thus, glucocorticoid or perhaps allopregnanoclone- or

peripheral NPY-mediated ncgative feedback inhibits subsequent -

HPA axis activation by nicotine. In addition, corticosterone is
essential to the development, though not maintenance, of nicotine-
sensitized locomotor responses to novelty (Johnson ez al, 1995).
Enhancement of synaptic dopamine levels in relevant subcortical
regions such as the nucleus accumbens by glucocorticoid-
tediated inhibition of the extraneuronal catecholamine transporter
{Grundeman et al., 1998) may mediate this effect.

It thus appears that corticosterone elevations induced by any of
a number of factors (novelty, stress, nicotine, conditioned contex-
tual cues) enhances both tolerance and sensitization to various
effects of nicotine. Exaggerated cortisol reactivity, as seen in some
human populations with PTSD (reviewed by Rasmusson ef al,
2003), thus may facilitate acquisition of nicotine self-administra-
tion, as has been observed for amphetamine and cocaine self-
administration (Piazza et al, 1991; Mantsch er al., 1998). In
addition, PTSD patients with increased cortisol reactivity may be
at greater risk for development of nicotine tolerance and depend-
ence. Increased HPA axis activity in these subpopulations may
result from a genetic predisposition (Kyllo ef al., 1996; Witchel et
al., 1997; Baghai et al., 2002; Gonzalez-Gay et al., 2003; Hernan-
dez-Avila er al., 2003; Smoller et al., 2003; Challis et al., 2004;
Charmandari et al., 2004; Oswald ef al., 2004; Slawik et al., 2004;
Wust et al.,, 2004), traumatic stress exposure, perhaps at critical
periods in development (Meany et gl, 2001; Rasmusson et al.,
2004), or both.

Studies examining the relationship between the HPA axis and
nicotine tolerance or sensitization in animals have, however,
focused almost solely on corticosterone rather than any number of
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other pharmacologically potent adrenal neuroactive steroid that
respend to ACTH stimulation — with one exception. Bullock ef al.
(1997} showed that the A-ring reduced metabolites of proges-
terone (such as allopregnanolone) reduce *Rb™* efflux from thala-
mic synaptosomes and nicotine-induced dopamine release from
striatal synaptosomes. *Rb* efflux under these conditions is
thought to reflect the opening of nAChR ion channels. Bullock et
al. (1997) thus suggested that these steroids act as noncompetitive
inhibitors of thalamic od4/B2 nAChRs and striatal o3 nAChRs.
Thus, increases in brain allopregnanolone levels stimulated by
stress (Purdy ef al., 1991) or by high levels of nicotine administra-
tion (Porcu ef al., 2003) also may result in downregulation of
nAChRs in the brain and contribute to the development of nicotine
tolerance and dependence. Allopregnanolone may also promote
nicotine tolerance through effects on nicotine metabolism. Both
allopregnanolone and nicotine activate a nuclear hormene receptor
called the pregnane X receptor/steroid and xenobiotic receptor
(PXR/SXR or NR112) (Lamba et al., 2004). Once activated, PXR
induces transcription of CYP3 A enzymes that promote conversion
of nicotine to cotinine, the inactive primary metabolite of nicotine.

Finally, recent work has shown that DHEA induces sigma
receptor-dependent reinstatement of cocaine-conditioned place
preference (Romieu er al, 2004). A similar mechanism may apply
to reinstatement of nicotine-conditioned place preference, suggest-
ing a role for DHEA in smoking relapse. Thus, observation of
increased DHEA responses to maximal activation of the adrenal
gland in premenopausal women with PTSD (Rasmusson ef al,
2004), increased moming plasma DHEA and DHEAS levels in
Istaeli combat veterans with PTSD (Spivak ef al, 2000), and
increasing plasma DHEAS levels in refugees from Kosove who
developed PTSD {Sondergaard er al, 2002) suggest that DHEA
interactions with sigma receptors during stress, may contribute to
refractory smoking dependence in PTSD.

Future animal studies that investigate the role of fluctuations in
neurpactive steroids besides corticosterone in the development of
nicotine tolerance and dependence are therefore indicated. In
humans, prospective neuroendocrine studies undertaken in large
populations at risk for both smoking and PTSD, such as adoles-
cents or military personnel, may help in examining the relation-
ship between pre-morbid neuroendocrine status, trauma exposure,
PTSD and the development of refractory nicotine dependence.

Possible mechanisms underlying the pro-PT5D effects
of smoking

More and more sophisticated animal studies have demonstrated
extensive neurcbiological effects of nicotine in the brain and on
behaviour with possible relevance to the development of PTSD
(Picciotto, 2003). For example, acute nicotine administration
enhances passive aveidance learning (Nordberg and Bergh, 1985;
Faiman et al., 1991) — a phenomenon that can readily be seen to
model aspects of PTSD. Gould and Wehner (1999) also have
demonstrated increased contextual fear conditioning but normal
cued fear conditioning in nicotine-treated anirals.

Cued fear conditioning is an amygdala-mediated process
wherein animals respond with fear to discrefe cues previously

paired in time with an unconditioned threatening stimulus (such as
a tone that previously signalled footshock). Contextual fear condi-
tioning is an amygdala- and hippocampus-mediated process
wherein rats respond with increased fear to a general context pre-
viously paired with an unconditioned threatening stimulus. Ameli
et al. (2001) has demonstrated an inverse relationship between the
development of contextual and cue-based fear in humans and
showed that exposure to unpredictable compared to ‘signalled’
threat facilitates contextual conditioning in humans. These authors
further suggested that contextual fear results in more durable and
unfocused anxiety than discrete *stimulus bound® or ‘cue-induced’
fear and thus may increase the risk for the development of anxicty
disorders such as PTSD. .

Thus it is interesting that male combat veterans with PTSD
compared to those without PTSD showed enhanced contextual-
fear conditioning in a laboratory environment (Grillon and
Morgan, 1999). Since nicotine use was not quantified in this study,
it is impossible to discern whether a disproportionate nse of nico- -
tine by the PTSD subjects contributed to the findings. The study
also raises the possibility that a pre-morbid propensity for contex-
tual fear conditioning might have facilitated the development of
PTSD.

Nicotine’s effects are not, however, confined to facifitation of
fear conditioning. Nicotine also promotes latent inhibition of fear
conditioning (Gould ef al., 2001). Latent inhibition is another hip-
pocampus-mediated phenomenon whereby prior exposure to a
context paired with safety or reward mitigates later association of
that context with threatening unconditioned stimuli, Thus it
appears that nicotine promotes hippocampus-mediated condition-
ing in general, facilitating associations between context and affec-
tive state whether that state is positive or negative. The direction
of nicotine’s effect on fear conditioning thus may depend on the
novelty of the trauma context and the nature of previous
experience in that context.

Finally, it is important to consider that nicotine may interfere
with extinction of either contextual or cued fear conditioning. Rats
chronically treated with nicotine did not habituate corticosterone
elevations induced by placement on a high, open platform
{Benwell and Balfour, 1982). Continued release of corticosterone
under such conditions could increase synaptic levels of cate-
cholamines in the frontal lobe through inhibition of catecholamine
reyptake (Grundeman et af, 1998). Resultant impairment in
frontal lobe function and disinhibition of amygdala-mediated
defensive responding could then tip the balance toward reconsoli-
dation of the stressful experience rather than extinction (South-
wick et ql., in press).

Fortunately, researchers have begun to elucidate specific
mechanisms in brain areas such as the amygdala and prefrontal
cortex (PFC) whereby nicotine administration might influence fear
conditioning and extinction. For example, nicotine increases levels
of both norepinephrine (Fu ef a/, 2003) and CRF (Matta er al.,
1597a) in the central nucleus of the amygdala, effects that would
be expected to increase fearful, defensive responding (reviewed by
Southwick ef al., 1999 and in press). In the cortex, Lambe ef al.
{2003) found that nicotine acts at o«4/B2 nAChRs to enhance the
release of glutamate from thalamocortical neuronal terminals onto
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pyramidal cells in Layer V of the PFC. Layer V pyramidal
neurons, in turn, provide input to important subcortical structures
such as the nucleus accumbens, which signals reward, and the
amygdala, which mediates aversive, as well as appetitive, associa-
tive conditioning. Layer V of the PFC also receives dense input
from ventral tegmental area (VTA) dopamine neurons that
respond in a graded manner to escalations in aversive stimuli
(Deutch and Roth, 1990; Morrow ef al, 1999). Stress-induced
increases in dopamine release in this area, perhaps facilitated by
direct nicotine effects in the VTA and prolonged by nicotine-
enhanced corticosterone effects at the catecholamine transporter,
may cause PFC inhibitory outputs to go ‘off-line’, resulting in dis-
inhibition of amygdala-mediated defence responses (Goldstein ef
al., 1996; Arnsten and Goldman-Rakic, 1998; Southwick et af.,
in press).

Studies in knock-out (Picciotto ef @l, 1995) and transgenic
mouse models (King er al., 2003) also show that decreased expres-
sion of high affinity a4/B2 nAChRs in PFC layer VI corticothala-
mic glutamatergic neurons during critical periods of development
enhances passive avoidance. Thus, downregulation of these recep-
tors in response to nicotine or stress exposure at particular stages of
development might be expected to alter stress responsiveness in a
direction that increases the risk for PTSD. Indeed, studies in mice
suggest that perinatal exposure to nicotine (at a time that corres-
ponds to the third trimester in humans) resulis in hypersensitive
passive avoidance feamning in adulthood (King and Picciotto, 2003).

In summary, nicotine use by humans during exposure to novel,
unpredictable stress may facilitate contextual fear conditioning
and promote the development or retard recovery from anxiety dis-
orders such as PTSD. In addition, exposure of humans to stress or
nicotine at critical stages of development may induce enduring
effects on stress responsiveness via downregulation of nAChRs
located in particular brain circuits. Therefore, it will be important
for animal researchers to investigate factors that remediate, as well
as mediate the effects of nicotine in these circuits. Clinical
researchers should concomitantly examine the effects of smoking
and mediating neurobiological variables on the development and
extinction of fear conditioning in humans.

Nicotine use as self-medication in PTSD

Finally, as previously suggested (Beckham et af, 1996, 2004),
individuals with PTSD may learn that smoking reduces depressive
or PTSD symptoms at baseline, in reaction to stressors, or in reac-
tion to nicotine withdrawal. This possibility is supported by the
work of George et al. (2002) that demonstrated apparent therapeu-
tic consequences of smoking on frontal fobe function in patients
with schizophrenia, though deleterious effects in healthy controls.
The means by which smoking might reduce PTSD symptoms
is not clear, though amimal and human studies suggest several
possibilities. For example, while a lower dose of nicotine
{0.045 mg/kg) can activate norepinephrine- and NPY-containing
neurons in the nucleus ‘tractus solitarius, higher doses

(0.135mg/kg) activate NPY- and galanin-containing neurons in .

the locus coeruleus, a possible source of NPY potentiation of
dopamine-mediated reward in the nucleus accumbens (Josselyn

and Beninger, 1993). These higher doses of nicotine also activate

NPY-containing neurons located in the Al, caudoventrolateral .
region of the brainstem (Matta ef al, 1997b), an area that gives

rise to noradrenergic fibres that project to basal forcbrain regions

such as the amygdala and septum. NPY confers place preference

when microinjected into the nucleus accumbens (Josselyn and

Beninger, 1993) and reduces anxiety when microinjected into the

amygdala (Heilig et al., 1989; Heilig, 1995). Previous work has

demonstrated low baseline plasma NPY levels and blunted NPY

responses during sympathetic system activation in male combat

veterans with PTSD (Rasmusson ef al., 2000). Providing that NPY

release is also blunted in the central nervous system in PTSD, high
doses of nicotine may be used by persons with PTSD to elicit

NPY release in brain areas that confer reward and reduce anxiety.

Such high doses of nicotine would also be expected to promote

nicotine tolerance and dependence through co-activation of high

levels of cortisol and allopregnanolone release.

Smoking also may influence mood and PTSD symptoms
through effects on neuroactive steroids. Mulchahey er ql. (2001)
observed decreased cerebrospinal fluid (CSF) testosterone levels
in male veterans with PTSD; however, smokers with and without
PTSD had higher testosterone levels than other subjects in their
respective diagnostic groups. Unfortunately, the study did not
evaluate the relationship between CSF testosterone levels and
PTSD symptoms, leaving open the possibility that smoking-
related increases in testosterone could have been beneficial or
deleterious (Pinna et af., 2003).

Heavy smoking also may help correct deficits in brain allo-
pregnanolone levels in PTSD (Porcu ef al., 2003). Rasmusson ef
al. (2005} recently observed a ~50% decrease in CSF allopreg-
nanolone levels in nonsmoking premenopausal women with PTSD
studied during the follicular phase of the menstrual cycle. In these
subjects, there was a very high and significant negative correlation
between CSF allopregnanolone levels and re-experiencing, as well -
as depressive symptoms.

More intermittent smoking, on the other hand, might be used to
increase plasma DHEA(S) levels. High salivary DHEAS/cortisol
ratios achieved during extreme training stress in maie military per-
sonnel were found to comelate negatively with dissociative symp-
toms (Motgan et al., 2004). Higher plasma DHEAS levels also
were observed in PTSD subjects without co-morbid depression,
while lower levels were associated with co-morbid depression
(Sondergaard e al., 2002). In addition, Rasmusson ef al (2004)
found that relative increases in the adrenal capacity for DHEA
release and higher peak DHEA/cortisol tevels after ACTH admin-
istration were associated with lower avoidance and hyperarousal
symptoms, and better general mood, respectively, in pre-
menopausal women with PTSD. Altematively, nicotine may bene-
ficially promote the degradation of DHEA in some individuals
(Wang et al., 2000; Lamba et al., 2004). Though associated with
lower avoidance and depression symptoms, high DHEA(S) levels
and increased DHEA reactivity to adrenal gland activation were
found to correlate with more severe sleep disturbance in two
studies (Sondergaard et al., 2002 and Rasmusson ef al., 2004),
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PTSD symptoms provoked by smoking withdrawal

Individuals with a history of depression or an anxiety disorder
have more severe smoking withdrawal symptoms compared to
persons with a history of neither disorder (Breslau ef af., 1992).
Interestingly, smoking withdrawal appears to mimic or worsen
PTSD symptoms in individuals with PTSD (Beckham ef al,
1996). Thus reinstatement of smoking to control withdrawal
symptoms may be more likely in individuals with PTSD, and even
more s0 in women with PTSD. Several, though not all studies
have shown women, compared to men, to have more intense with-
drawal symptoms and/or a greater propensity for relapse in
response to negative affect, stress, and depression (Shiffman,
1982; Svikis ef al., 1986; Anda ef al, 1990; Gritz et al., 1991;
Pomerleau et al., 1994; Hatsukami, 1994),

It is therefore important to consider the possibility that indi-
viduals with depressive symptoms in previous smoking cessation
studies may have had PTSD. First, several PTSD symptoms
overlap with depressive symptoms, while others are easily over-
looked unless structured clinical diagnostic ¢valuations for PTSD
are used — procedures not typically done in smoking cessation
studies. Second, Breslau e al. (2000) found that persons exposed
to DSMIV trauma (American Psychiatric Association, 1994),
which occurs in approximately 90% of the general population
{Breslau et al.,, 1998), have a three to 12-fold increased risk for
development of comorbid PTSD and depression compared to
depression alone. Indeed, depression comorbid with PTSD
accounted for virtually all new depression cases that occurred after
trauma exposurs. And finally, current or past major depression
comorbid with PTSD has been associated with increased cortisol
levels or reactivity in women in several studies (Heim ef al., 2000;
Rasmusson ef al, 2001; Lipschitz et al, 2003; Young and
Breslau, 20044, b). Thus, converging evidence suggests that PTSD
and depression, HPA axis dysregulation, and female gender may
be inter-related mediators of nicotine dependence and refractory
smoking.

Formal studies therefore need to be undertaken to ascertain
effects of smoking withdrawal on symptoms of PTSD in women
compared to men. Examination of neurobiological correlates of
smoking and smoking withdrawal in PTSD populations — includ-
ing levels of easily measured peripheral or cerebrospinal fluid neu-
roactive steroids or other substrates thought to affect mood and
cognition — may then elucidate processes responsible for salutary

" effects of nicotine in PTSD and suggest clinically effective,
gender-specific smoking substitutes that may ease withdrawal. For
instance, recent studies in animals (Semba et al, 2004) and
humans (Frederick et al., 1998) have noted blunted corticosterone
and lower cortisol levels, respectively, after smoking cessation.
However, other neuroactive steroids should be studied as well, For
example, smoking each cigarette may induce small increases in
plasma DHEA levels that are countered by nicotine’s capacity to
activate PXR and enhance DHEA metabolism. Abrupt smoking
cessation may then result in acute depletion of DHEA resulting in
an increase in depression and relapse. Such a process may more
readily affect women, since PXR levels are higher in women
(Lamba et al., 2004).

© 2006 British A for Psyct

Methods for the assessment of smoking status
in clinical studies

Neglect of the smoking status of subjects in PTSD studies has
arisen for several reasons. When the first studies of the neurobiol-
ogy of PTSD were done beginning in the mid-1980s, the concept
of the cigarette as ‘an efficient drug delivery device that allows
smokers to regulate the dose and timing of rapid nicotine delivery
to the brain [and periphery]” (Gries, 1998) had not yet been
developed. In fact, smoking as a self-adopted pharmacological:
intervention of neurobiological and clinical significance had
largely escaped the notice of the psychiatric community, perhaps
because so many individuals without psychiatric disorders also .
smoked. Then as nicotine use began to be seen as a potential ‘con-
found’ in clinical neurobiological studies, clinical researchers
rapidly came to appreciate that asking PTSD patients to abstain
from smoking for the purposes of participating in research was
‘asking too much’. The symptoms of withdrawal from smoking in
this population were understood to be so severe that subjects asked
to stop smoking would either refuse to participate in research or
would not comply with the prescribed period of smoking absti-
nence anyway. In addition, the compiexity of the possible effects
of nicotine began to be sensed, generating a daunting, if not over-
whelming list of questions to address if smoking was to be con-
sidered in clinical studies: Is it best to study individuals just after
smoking or after a period of abstinence? How can one be sure that
a subject has been abstinent? How does one know whether a
subject’s post-cigarette nicotine level is the same as the next
subject’s and if it is, does it mean the same thing in regard to the
dependent variable of interest? How does one match for smoking
across diagnostic groups? Should one match for the number of
cigarettes smoked per day, for nicotine levels, or for pattemns of
use? Are smokers with PTSD fundamentally different from
smokers without PTSD? If so, must one study a smoking and non-
smoking PTSD group and increase the number of PTSD and -
healthy comparison subjects recruited to deal with the resultting
statistical power issues?

Fortunately, the field of tobacco use research has exploded in
the past 5 years, and of fundamental importance to clinical investi- .
gators, validated methods for quantifying tobacco use now allow
researchers to effectively relate levels of nicotine exposure to neu-
robiological outcomes of interest.

Pertinent information regarding personal history of cigarette
use and/or use of smokeless tobacco products can be obtained
using a structured smoking history questionnaire such as the
Structured Clinical Interview for Diagnosis of DSMIV disorders
(SCID) which can be administered to either psychiatrically disor-
dered or healthy individuals (First et al., 1995a, b). In addition,
subjects may be administered the Fagerstrom Test for Nicotine
Dependence (FTND), 2 modification of the Fagerstrom Tolerance
Questionnaire (Heatherton el af., 1991). Scores on the FTND cor-
relate well with biochemical indices of smoking dependence (dis-
cussed below). Alternatively, and especially if time constraints
make it. impossible to conduct a SCID interview, a personal
history of smoking can be assessed by asking about mumber of
years smoked, types of cigarettes smoked, number and length of
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quit atternpts, number of cigarettes smoked on a daily basis, and
age that daily smoking was initiated. The Time Line Follow Back
questionnaire (TLFB; Sobell and Sobell, 1992} can also be used to
obtain quantity and frequency estimates of smoking over a speci-
fied time period. Finally, it may be useful to obtain information
about secondary smoke exposure by determining with whom an
individuat lives and whether or not that person smokes,

Biochemical measures then can be used to verify and estimate
the intensity of tobacco use. One commonly used measure is
breath carbon monoxide (CO). CO is a byproduct of cigarefte
smoking and can easily be quantified in exhaled breath using a
portable precision instrument such as the Vitalograph Breath CO,
from Vitalograph inc. (Lenexa, KS). Unfortunately, while CO is a
good immediate measure of cigarette use, it is not always the best
one since CO levels can be increased by concurrent marijuana
smoking (Biglan et al, 1985) or other sources of CO in the
environment such as car exhaust, indoor fireplaces, etc. {(Wald et
al., 1981). Moreover, CO has a half-life of about 4h and therefore
is not a good indicator of cigarettes smoked more than a few hours
before CO levels are determined.

Another method for documenting and quantifying cigarette use
is measurement of either plasma or salivary nicotine levels since
they are highly correlated (Rose et al, 1993). The half-life of
nicotine is only about 2h, however, so nicotine measurements are
only good indicators of recent cigarctte smoking and do not reflect
longer-term patterns of nicotine use. Cotinine, on the other hand,
is the proximal and principal metabolite of nicotine and has a
longer half-life than nicotine (18 h). In addition, cotinine has been
shown to be unaffected by environmental factors (i.c. air pollu-
tants, certain foods) other than nicotine exposure (Haley et al,
1983; Haley and Hoffman, 1986). Thus, cotinine levels are
thought to be the most reliable indicator of daily nicotine intake
{Benowitz, 1983; Sepkovic and Haley, 1985; Benowitz and Jacob,
1994; Perez-Stable ef al., 1995; Haufroid and Lison, 1998; SRNT
subcommiftee on Biochemical Verification, 2002; Jatlow et ai,
2003) and provide betier confirmation of self-reported smoking
quantities in adult smokers (Wagenknecht ef al., 1992; Pokorski et
al., 1994; Secker-Walker ef al., 1997; Shaffer ef al., 2000; Garriti
et al., 2002). Moreover, cotinine levels predict withdrawal symp-
toms. Specifically, individuals with lower cotinine levels have
been shown to have fess withdrawal compared to individuals with
higher cotinine levels, whereas earlier studies showed no differ-
ences in withdrawal symptoms between heavy and light smokers
when smoking was characterized on the basis of cigarette con-
sumption (Pomerleau ef al., 1983).

Cotinine can be measured in plasma, saliva, or urine in the
laboratory. Recently, semi-quantitative urine dipsticks that
measure cotinine levels in the saliva and urine also have
become available. These strips measure six Ievels of cotinine as
follows: 1=1-10ng/ml, 2=10-20ng/ml," 3 =30-100ng/ml,
4=200-500ng/ml, 5=500-2000ng/m!, 6=>2000ng/ml. The
average cotinine level in smokers, normalized for cigarette con-
sumption, is 14ng/ml/eigarette. The average blood cotinine con-
centration in addicted smokers varies between 250-350ng/ml,
though a plasma cotinine level of 50-70ng/ml is the threshold
level that can readily establish and sustain addiction.

0

When using the above biochemical measurements, however, it
is important to keep in mind that certain factors, such as race and
gender, may influence their interpretation. For example, women
eliminate cotinine more quickly than men (Benowitz et al., 1999).
In addition, Assaf et gl. (2002) found that serum cotinine levels
agree better with self-reported cigarette use in women than in
men, though another study did not find gender differences in the
relationship between self-reported and biechemical indices of cig-
arette consumption (Perez-Stable ef al., 1995).

Race also influences nicotine metabolism, but the limitation of
relevant data to only a few ethnic groups makes effective applica-
tion of this fact difficult (Benowitz er al, 1999, 2002). For
example, the fractional conversion of nicotine to cotinine (presum-
ably via the p450 2A6 oxidative pathway), the clearance of coti-
nine by the p450 2A6 oxidation of cotinine to 3'-hydroxycotinine,
and the N-glucuronidation of both nicotine and cotinine are, on
average, slower in African Americans compared to whites. In
addition, Chinese-Americans metabolize nicotine more slowly
while concomitantly smoking fewer cigarettes. This could result in
an underestimation of the time since the last cigarette was smoked
in some subjects, depending on race, and contribute to misunder-
standings and strain between researchers and subjects in studies-
requiring specified abstinence periods or misinterpretation of
abstinence stafus in studies of smoking cessation.

Investigators conducting biobehavioural PTSD studies also
should consider standardizing or obtaining information about the
amount of time passed since the last cigarette was smoked since
smoking withdrawal may alter cognitive performance and influ-
ence PTSD symptoms. Symptoms related to nicotine withdrawal
may be measured using instruments such as the Minnesota Nico-
tine Withdrawal Scale, an eight-item validated scale that assesses
DSM-IV symptoms of withdrawal (Hughes and Hatsukaimi, 1986).
Craving for cigarettes, which is a significant component of nico-
tine withdrawal, can be measured using the above scale or a more
extensive rating instrument called the Tiffany Scale for ‘Urge to
Smoke” (Tiffany and Drobes, 1991).

Finaily, while this review is intended to encourage investiga-
tors of the neurobiology of PTSD to consider nicotine useias a
factor in the design and analysis of their research studies, smoking
researchers may read this review with the idea of investigating

“.effects of HPA axis function on the development or maintenance

of smoking dependence. Thus, it is important to briefly discuss
basic approaches to the study of the HPA axis, neglect of which
may result in the generation of data that cannot be interpreted.
First, there are diumal effects on HPA axis activity for which
researchers must control (Dickstein et ¢, 1991). Therefore, it is
generally important to measure HPA axis indices at the same time
of day among subjects. If this is not possible, ‘time of day’ may be
used as a covariate or independent factor in statistical analyses of
the data. This latter approach is less desirable, though, since it
decreases the power of the analyses to discriminate among subject
groups and may necessitate the recruitment of a larger number of
subjects. In addition, the relationship of cortisol and other adrena-
Hy-derived neuroactive compounds to “time of day’ is not linear
and commonly used statistical analytic methods may not be appro-
priate; thus, expert consultation may be necessary. Finally, several
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other factors, including physical activity, mental stress, use of psy-
chotropic or other medications, recent food consumption, and even
recent casual use of alcohol may influence HPA axis function.
These factors also must be assessed and accounted for to allow for
meaningful interpretation of data.

Conclusion

This review has been aimed at changing the view of tobacco use in
PTSD research subjects from that of a troublesome study con-
found to a complex, but critical as well as manageable clinical
covariate. We believe that adoption of this point of view will
afford a better understanding of the pathophysiology of PTSD as
well as the high comorbidity between smoking dependence and
PTSD. In addition, application of techniques for characterizing the
smoking patterns of research participants should be extended to
studies of the neurobiological basis for other anxiety disorders
(Breslau and Klein, 1999; Johnson ef al, 2000; Broocks er al,
2002; Isensee et al., 2003; Schumanmn ef al., 2004; McCabe et al.,
2004). We hope that investigation of the relationship between
nicotine dependence and PTSD or other anxiety disorders wiil
lead to new methods of prevention and treatment of these severely
debilitating and costly neuropsychiatric conditions,

Acknowledgements

We thank Stephanie O’Malley, PhD, for her review and thoughtful
comments on the manuscript. This work was supported by the
following programs and grants: Yale Interdisciplinary Rescarch
Scholar Program on Women & Drug Abuse via the NIH Office of
Research on Women’s Health (ORWH) & NIDA 1K12DA14038-
01, the Yale Transdisciplinary Tobacco Use Research Center
(P50AA15632 and P30DA13334), a NIDA KO2Z DA00436-06
award to Dr. Picciotto, a VA Merit Award to Dr. Rasmusson, and
the VA National Center for Posttraumatic Stress Disorder (PTSD)
Clinical Neurosciences Division.

References

Aciemo R A, Kilpatrick D G, Resnick H 8, Saunders B E, Best C L (1996)
Violent assault, posttraumatic stress disorder, and depression. Risk
factors for cigarette use among adult women. Behav Modification 20
363-384

Aguilera G (1994) Regulation of pituitary ACTH secretion during chronic
stress. Front Neuroendocrinol 75: 321-350

Ameli R, Chris [ P, Grillon C (2001} Contextual fear-potentiated startle
conditioning in humans: Replication and extension. Psychophysiol 38:
383-390

American Psychiatric Association (1994) Diagnostic and statistical manual
of psychiatric disorders (4th edn). Washington, DC: American Psychi-
atric Association -

Anda R F, Williamson I} F, Escobedo L (G, Mast E E, Giovino (G A, Rem-
ington P L (1990) Depression and the dynamics of smoking. A national
perspective. JAMA 264: 1541-1545

Antonijevic I A, Murck H, Bohlhalter S, Frieboes R M, Holsboer F,
Steiger A (2000) Neuropeptide Y promotes sleep and inhibits ACTH
and cortisof release in young men. Neuropharmacology 39: 14741481

‘Arnsten A F T, Goldman-Rakic P S (1998) Noise stress impairs prefrontal

cortical cognitive function in monkeys: Evidence for a hyperdopamin-
ergic mechanism. Arch Gen Psychiatry 53: 362-369

Assaf A R, Parker D, Lapane K L, McKenney f L, Carleton RA (2002)
Are there gender differences in self-reported smoking practices? Corre-
lation with thiocyanate and cotinine levels in smokers and nonsmokers
from the Pawtucket Heart Health Program. J Women’s Health //:
899906

Baghai T C, Schule C, Zwanzger P., Minov C, Zill P, Ella R, Eser P, Qezer

S, Bondy B, Rupprecht R (2002) Hypothalamic-pituitary-adrenocorti-
cal axis dysregulation in patients with major depression is influenced
by the insertion/deletion polymorphism in the angiotensin I-converting
enzyme gene. Neurosci Lett 328: 209-303

Balfour D J K, Khullar A K, Longden A (1975) Effects of nicotine on
plasma corticosterone and brain amines in stressed and unstressed rats.
Pharmacol Biochem Behav 3: 179184

Barbaccia M L, Roscetti G, Trabucchi M, Purdy R H, Mostallino M C,
Concas A, Biggio G (1997) The effects of inhibitors of GABAergic
transmission and stress on brain and plasma allopregnanolone concen-
trations. Br J Pharmacol 120: 1582—-1588

Barbaccia M L, Roscetti G, Trabucchi M, Purdy R H, Mostallino M C,
Perra C, Concas A, Biggio G (1996) Isoniazid-induced inhibition of
GABAergic transmission enhances neurosteroid content in the rat
brain. Neuropharmacol 35: 1299-1305

Baron J A, Comi R J, Cryns V, Brinck-Johnsen T, Mercer N G (1995) The
effect of cigarette smoking on adrenal cortical hormones. ] Pharm Exp
Ther 272: 151-155

Baulien E-E, Robel P (1998) Dehydroepiandrosterone (DHEA) and dehy-
droepiandrosterone sulfate (DHEAS) as neuroactive neurosteroids.
Proc Natl Acad Sci 95: 40894091

Beckham J C, Kitby A C, Feldman M E, Hertzberg M A, Moore § D,
Crawford A L, Davidson J R, Fairbank J A (1997) Prevalence and cor-
relates of heavy smoking in Vietnam veterans with chronic posttrau-
matic stress disorder. Addictive Behav 22: 637-647

Beckham J C, Gehrman P R, McClernon F J, Collie C F, Feldman M E
{2004) Cigarette smoking, ambulatory cardiovascular monitoring, and
mood in Vietnam veterans with and without chronic posttraumatic
stress disorder. Addictive Behav 29: 1579-1593

Beckham J C, Lytle B L, Vrana S R, Hertzberg M A, Feldman M E,
Shipley R H (1996) Smoking withdrawal symptoms in response to a
trauma-related stressor among Vietnam combat veterans with postirau-
matic stress disorder. J Addictive Behav 27: 93-101

‘.Benowitz N L (1983) The use of biological fluid samples in assessing

tobacco smoke consumption. NIDA Research Monograph 48: 6-26
Benowitz N L, Jacob P 111 (1994) Metabolism of nicotine to cotinine.
studied by a dual isotope method. Clin Pharamcol Ther 56: 483493
Benowitz N L, Perez-Stable E J, Herrera B, Jacob P IIT (2002) Slower
metabolism and reduced intake of nicotine from cigarette smoking in
Chinese-Americans. J Nat Cancer Inst 94: 108-115

Benowitz N L, Perez-Stable E J, Fong I, Modin G. Herrera B, Jacob P I
(1999) Ethnic differences in N-glucuronidation of nicotine and coti-
nineg, J Pharm Exp Therapeutics 29/: 1196-1203

Benwell M E M, Balfour D J K (1982) Effects of chronic nicotine administra-
tion on the response and adaptation to stress, Psychopharm 76: 160-162

Benyamina M, Leboulenger F, Lithmann I, Delarue C, Feuilloley M,
Vaudry H (1987) Acetylcholine stimulates steroidogenesis in isolated
frog adrenal gland through muscarinic receptors: evidence for a desen-
sitization mechanism. J Endocrinology /13: 339-348

Biglan A, Gallison C, Ary D, Thompson R (1985) Expired air carbon
monoxide and saliva thiocyanate: relationships to self-reports of mari-
juana and cigarette smoking. Addictive Behav 70; 137-144

Blauer K L, Poth M, Rogers W, Bernton E (1991) DHEA, antagonizes the

Downloaded from hitp-//jap.sagepub.com at DARTMOUTH COLLEGE on February 22, 2007
ter Psy gy. All rights Not for

use or distribution.

© 2006 British




704 Smoking and PTSD review

suppressive effects of dexamethasone on kymphocyte proliferation.
Endocrinol f29: 31743179

Breslau N, Kiein D F (1999} Smoking and panic attacks: an epidemiologic
investigation. Arch Gen Psychiatry 56: 1141-1147

Breslau N, Davis G C, Schultz I. R (2003) Posttraumatic stress disorder
and the incidence of nicotine, alcohol, and other drug disorders in
persons who have experienced trawma. Arch Gen Psychiatry 60:
289-294

Breslau N, Novak S P, Kessler R C (2004) Psychiatric disorders and stages
of smoking. Biol Psychiatry 55: 69-76

Breslau N, Davis G C, Peterson E L, Schultz L R (2000) A second look at
comerbidity in victims of trauma: the posttraumatic stress disorder-
major depression connection, Biol Psychiatry 48: 902-909

Breslau N, Kessler R C, Chilcoat H D, Schultz L R, Davis G C, Andreski
P (1998) Trauma and posttraumatic stress disorder in the community:
the 1996 Detroit Area Survey of Trauma. Arch Gen Psychiatry 55:
620632

Breslan N, Kilbey M M, Andreski P (1992} Nicotine withdrawal symp-
toms and psychiatric disorders: findings from an epidemiologic study
of young adults. Am J Psychiatry 749: 464469

Broocks A, Bandelow B, Koch K, Bartmann U, Kinkelbur J, Schweiger U,
Hohagen F, Hajak G (2002) Smoking modulates neurcendocrine
responses to ipsapirone in patients with panic disorder. Neuropsy-
chopharm 27: 270278

Bullock A E, Clark A L, Grady S R, Robinson S F, Slobe B S, Marks M J,
Collins A C (1997) Neurosteroids modulate nicotinic receptor function
m mouse striatal and thalamic synaptosomes. ] Newrochem 64:
2412-2423

Caggiula A R, Donny E C, Epstein L H, Sved A F, Knopf S, Rose C,
McAllister C G, Antelman S M, Perkins K A (1998) The role of corti-
costeroids in nicotine’s physiofogical and behavioral effects. Psy-
choneuroendocrin 23: 143159

Cam G R, Bassett J R (1984) Effect of prolonged exposure to nicotine and
stress on the pituitary-adrenocortical response; the possibility of cross-
adaptation. Pharm Biochem Beh 20 221-226

Challis B G, Luan J, Keogh J, Wareham N J, Faroogi 1 S, O’Rahilly S
(2004) Genetic vaviation in the corticotrophin-releasing factor recep-
tors: identification of single-nucleotide polymorphisms and association
studies with obesity in UK Caucasians. Int J Obesity Metab Dis J Int
Assoc Study Obesity 28: 442446,

Chambers R A, Krystal J H, Self D W (2001} A neurobiological basis for
substance abuse comorbidity in schizophrenia, Biol Psychiatry 50:
71-83

Charmandari E, Merke D P, Negro P J, Keil M F, Martinez P E, Haim A,
Gold P W, Chrousos G P (2004) Endocrinologic and psychologic
evaluation of 21-hydroxylase deficiency carriers and matched normal
subjects: evidence for physical and/or psychologic vulnerability to
stress, J Clin End Metab £9: 2228-2236

Coiro V, Vescovi P P (1999) Effect of cigarette smoking on ACTH/corti-
sol secretion in alcoholic after shor- and medium-term abstinence.
Alcoholism: Clin Exp Res 23: 15151518

Compagnone N A, Mellon § H (2000) Neurosteroids: Biosynthesis and
function of these novel neuromodulators. Front Neuroendocringl 27:
1-56

Corder R, Castagne V, Rivet J-M, Mormede P, Gaillard R C (1992)
Central and peripheral effects of repeated stress and high NaCl diet on
neuropeptide Y. Physiol Behav 32: 205-210

Corrigall W A, Coen K M (1989} Nicotine maintains robust self-adminis-
traton in rats on a limited-access schedule. Psychopharm 99: 473478

Cruess I G, Antoni M H, Kumar M, Ironson G, McCabe P, Fernandez |
B, Fleticher M, Schneiderman N (1999) Cognitive-behavioral stress

management buffers decreases in dehydroepiandrosterone sulfate
(DHEA-8) and increases in the cortiso/DHEA-S ratio and reduces
mood disturbance and perceived stress among HIV-seropositive men.
Psychoneurcendocrinol 24: 537-549

del Arbol 7 L, Munoz J R, Ojeda L, Cascales A L, Irles J R, Miranda M T,
Ruiz Requena M E, Aguirre J C (2000) Plasma concentrations of beta-
endorphin in smokers who consurne different numbers of cigarettes per
day. Pharmacol Biochemn Behav 67: 25-28

Deutch A Y, Roth R H (1990) The determinants of stress-induced activa-
tion of the prefrontal cortical dopamine system. Prog Brain Res &5:
367402

Dickstein G, Shechner C, Nicholson W E, Rosner [, Shen-Omr Z, Adawi F,
Lahav M (1991} Adrenocorticotropin stimulation test: effects of basal
coitisol fevel, time of day, and suggested new sensitive low dose test. J
Clin Endocrinol Metab 72: 773-778

Faiman C P, de Erausquin G A, Baratti C M (1991) The enhancement of
retention induced by vasopressin in mice may be mediated by an acti-
vation of central nicotinic cholinergic mechanisms. Behav Neural Biol
560 183-199

First M B, Spitzer R L, Gibbon M, Williams J B (1995a) Structured Clini-
cal Interview for the DSM-IV Axis I Disorders, NonPatient Edition
(SCID-I/NP, Version 2.0). Biometrics Research Dept, New York State
Psychiatric Institute, New York, NY

First M B, Spitzer R L, Gibbon M, Williams J B (1995b) Structured Clini-
cal Interview for the DSM-IV Axis [ Disorders, Patient Edition {SCID-
I/P, Version 2.0). Biometrics Research Dept, New York State
Psychiatric Institute, New York, NY

Frederick S L, Reus V [, Ginsberg D, Hall S M, Munoz R F, Ellman G (1998)
Cortisol and response to dexamethasone as predictors of withdrawal dis-

. tress and abstinence success in smokers. Biol Psychiatry 43: 525-530

Freund R K, Martin B J, Jungschaffer D A, Ullman E A, Collins A C
(1988) Genetic differences in plasma corticosterone fevels in response -
to nicotine injection. Pharmacol Biochem Behav 30: 1059-1064

Fu'Y, Matta S G, Kane V B, Sharp B M (2003) Norepinephrine release in
amygdala of rats during chronic nicotine self-administration: an in vivo
microdialysis study. Neuropharmacology 45: 514-523

Garcia Calzado M C, Garcia Rojas J F, Mangas Rojas A, Martinez
fzquierdo D, Repetto M, Millan J (1990) Tobacco and arterial pressure
(L). The hormonal changes in a model of acute nicotine overload.
Anales de Medicina Interna 7: 340-344

Garriti P, Alterman A I, Eherman R, Mulvaney F D, O’Brien C P (2002)
Detecting smoking following smoking cessation treatment. Drug
Alcohol Dependence 65: 191-196

George T P, Vessicchio f C, Termine A, Sahady D M, Head C A, Pepper
W T, Kosten T R, Wexler B E (2002) Effects of smoking abstinence
on visuospatial working memeory function in schizophrenia. Neuropsy-
chopharm 26. 75-85

Goldstein L E, Rasmusson A M, Bunney B S, Roth R H (1936} Role of the
amygdala in the coordination of behavioral, neuroendocrine and pre-
frontal cortical monoamine responses to psychological stress in the rat.
J Neurosci 16: 47874798

Gonzalez-Gay M A, Hajeer A H, Garcia-Porrua C, Dababneh A, Amoli M
M, Botana M A, Thomson W, Llorca J, Ollier W E {2003) Corti-
cotropin-releasing hormone promoter polymorphisms in patients with
theumatoid arthritis from northwest Spain. J Rheumatology 30:
913-917 )

Goodyer I M, Herbert J, Altham P M E (1998) Adrenal steroid secretion
and major depression in 8- to 16-year-olds, I1II. Influence of
cortiso/DHEA ratio at presentation on subsequent rates of disappoint-
ing life events and persistent major depression. Psychel Med 28:
265-273

Eownloaded fzom hitpuijop.. sagepub jI;)om a1 DARTMOUTH COLLEGE on February 22 2007

€ 2006 Brhish A for

rights reserved. Not tor




Smoking end PTSD review 705

Gould T §, Wehner ] M (1999) Nicotine enhancement of contextual fear
conditioning. Behav Brain Res 102: 31-39

Gould T J, Collins A C, Wehner ] M (2001) Nicotine enhances latent inhi-
bitton and ameliorates ethanol-induced deficits in latent inhibition.
Nicotine Tob Res 3: 17-24

Gries J M (1998) Importance of chronopharmacokinetics in design and
evaluation of transdermal drug delivery systems. J Pharmacol Exp
Ther 255 457463

Grillon C, Morgan CA 1II (1999) Fear-potentiated startle conditioning to
explicit and contextual cues in Gulf War veterans with posttraumatic
stress disorder. J Ab Psych 108: 134-142

Grtz £ R, Carr C R, Marcus A C (1991} The tobacco withdrawal syn-
drome in unaided quitters. Br J Addiction 86: 5769

Grota L J, Bienen T, Felten B D L (1997} Corticosterone responses of
adult Lewis and Fischer rats. J Neuroimmunol 7¢: 95-101

Grundemann D, Schechinger B, Rappold G A, Schomig E (1998) Molecu-
lar identification of the cortisone-sensitive extraneuronal cate-
cholamine transporter, Nature Neurosci 1: 349-351

Haley N J, Axelrad C M, Tilton K A (1983} Validation of self-reported
smoking behavior: biochemical analyses of cotinine and thiocyanate.
American Journal of Public Health, 73: 12041207

Haley N J, Hoffman D {1985) Analysis for nicotine and cotinine in hair to
determine cigarette smoker status. Clin Chem 31: 15981600

Hatsukami D (19%4) Effects of nicotine gum on withdrawal symptoms in
fernales vs. males. Paper presented at the American Psychological
Association, Psychosocial and Behavioral Factors in Women’s Health:
Creating an Agenda for the 21st Century, Washington, DC

Haufroid V, Lison D (1998) Urinary cotinine as a tobacco-smoke exposure
index: a minireview. Int Arch Occup Environ Health 71: 162-168

Heatherton T F, Kozlowski L T, Frecker R C, Fagerstrom K O (1991) The
Fagerstrom test for nicotine dependence: A revision of the Fagerstrom
tolerance questionnaire. Br J Addiction 86: 1119-1127

Heilig M (1995) Antisense inhibition of neuropeptide Y (NPY)-Y1 recep-
tor expression blocks the anxiolytic-like action of NPY in amygdala
and paradoxically increases feeding. Reg Peptides 59: 201-205

Heilig M, Soderpalm B, Engel J, Widerlov E (1989) Centrally adminis-
tered newropeptide Y (NPY) produces anxiolytic-like effects in animal
anxiety models. Psychopharmacol %8: 524-529

Heim C, Newport P I, Heit $, Graham Y P, Wilcox M, Bonsall R, Miller
A H, Nemeroff C B (2000) Pituitary-adrenal and autonomic responses
to stress in women after sexual and physical abuse in childhood.
JAMA 284: 592-597

Heinz A, Weingariner H, George D, Hommer D, Wolkowitz O M, Lin-
noila M {1999) Severity of depression in abstinent alcoholics is associ-
ated with monoamine metabolites and dehydroepiandrosterone-sulfate
corncentrations, Psychiatry Res £9: 97-106

Hernandez-Avila C A, Wand G, Luo X, Gelemter J, Kranzler H R (2003)
Association between the cortisol response to opioid blockade and the
Asn40Agp polymorphism at the mu-opioid receptor locus (OPRMI).
Am J Med Genetics I I185: 6065

Hoge C W, Castro C A, Messer S C, McGurk D, Cotting D I, Koffman R
L. (2004) Combat duty in Iraq and Afghanistan, mental health prob-
lems, and barriers to care. New Engl J Med 351: 13-22

Hughes 1 R, Hatsukami D (1986) Signs and symptoms of tobacco with-
drawal. Arch Gen Psychiatry 43: 289-294

Isensee B, Wittchen H U, Stein M B, Hofler M, Lieb R {2003} Smoking
increases the risk of panic: findings from a prospective community
study. Arch Gen Psychiatry 60: 692-700

Jacobs A R, Edelheit P B, Coleman A E, Herzog A G (1999) Late-onset
congenital adrenal hyperplasia: a treatable cause of anxiety, Biol Psy-
chiatry 46: 856-859

Jatlow P, McKee S, O’Malley S § (2003) Correction of urine cotinine con-
centrations for creatine excretion. Clin Chem 49: 1932-1934

Johnson I H, Svensson A I, Engel J A, Soderpalm B (1995) Induction but
not expression of behavioral sensitization to nicotine in the rat is
dependent on glucocorticoids. Eur J Pharmacol 276: 155-164

Johnson J G, Cohen P, Pine D S, Kiein D F, Kasen S, Brook J § (2000}
Association between cigaretie smoking and anxiety disorders during
adolescence and early adulthood. JAMA 284: 23482351

Josselyn S A, Beninger R J {(1993) Neuropeptide Y: Intraaccumbens injec-
tions produce a place preference that is blocked by cis-flupenthizol.
Pharmacol Biochem Behav 46: 543-552

Kallio J, Pesonen U, Kaipio K, Karvoven M, Jaakkola U, Heinonen O,
Usuitupa M I J, Koulu M (2001) Altered intracellular processing and
release of neuropeptide Y due to leucine 7 to proline 7 polymorphism
in the signal peptide of preproneuropeptide Y in humans. FASEB J [3:
12421244 )

Ke L, Lukas R J {1996} Effects of steroid exposure on ligand binding and
functional activities of diverse nicotinic acetylcholine receptor sub-
types. J Neurochem 67: 11001112

King, S, Picciotto M R (2003} Effects of chronic nicotine exposure on
emotional learning in mice. Society for Neuroscience Abstracts Vol 29

King S L, Marks M J, Grady S R, Caldarone B J, Koren A O, Mukhin A
G, Collins A C, Picciotto M R (2003} Conditional expression in corti-
cothalamic efferents reveals a developmental role for nicotinic acetyl-
choline receptors in modulation of passive avmdance behavior. [
Neurosci 23: 3837-3843

Kirschbaurn C, Scherer G, Strasburger C J (1994) Pituitary and adrenal
honmone responses to pharmacological, physical, and psychological stim-
ulation in habitual smokers and nonsmokers. Clin Investig 7.2: 804810

Koenen K C, Hitsman B, Lyons M J, Niaura R, McCaffery J, Goldberg T,
Eisen 5 A, True W, Tsuang M (2005) A twin registry study of the rela-
tionship between posttraumatic stress disorder and nicotine depend-
ence in men. Arch Gen Psychiatry 62: 12581265

Krishnan-Sarin S, Rosen M I, O’Malley S (1999) Naloxine challenge in
smokers. Preliminary evidence of an opioid component in nicotine
dependence. Arch Gen Psychiatry 56: 663-668

Krueger R I, Lin C M, Fung Y K (1991) Effect of chronic administration
of nicotine or cocaine on steroidogenesis in rat adrenocortical cells, J
Pharm Pharmacol 43: 200-203

Kyllo I H, Collins M M, Vetter K L, Cutiler L, Rosenfield R L, Donohoue
P A (I996) Linkage of congenital isolated adrenocorticotropic
hormone deficiency to the corticotropin releasing hormone locus using
simple sequence repeat polymorphisms. Am J Med Genetics 62:
262-267

Lamba V, Yasuda K, Lamba J K, Assem M, Davila J, Strom 8, Schutetz E
G (2004) PXR (NRI112) splice variants in human tissues, including
brain, and identification of neurosteroids and nicotine as PXR activa-
tors. Tox App Pharmacel 199 251-265

Lambe E K, Picciotto M R, Aghajanian G K (2003) Nicotine induces glu-
tamate release from thalamocortical terminals in prefrontal cortex.
Neuropsychophanm 28: 216225

Leonard S, Adler L E, Benhammou K, Berger R, Breese C R, Drebing C,
Gault J, Lee M J, Logel J, Olincy A, Ross R G, Stevens K, Sullivan B,
Vianzon R, Vimich D E, Waldo M, Walton K, Freedman R (2001)
Smoking and mental illness. Pharm Biochem Behav 70: 561570

Lipschitz D S, Rasmusson A M, Yehuda R, Wang S, Anyan W, Gueogu-
ieva R, Grilo C, Fehon D C, Southwick .S M (2003) Salivary cortisol
responses to dexamethasone in adolescents with postiraumatic stress
disorder. J Am Acad Child Adol Psychiatry 42: 1310-1317

Mantschk J R, Saphier D, Goeders N E (1998) Corticosterone facilitates the
acquisition of cocaine self-administration in rats: opposite effects of

EBownloaded from httpujop. sagepub:om at DARTMOUTH COLLEGE an February 22, 2007

© 2006 British tor Psy

rights reserved. Not for commercial use or unauthorlzed distribution.




706  Smoking and PTSD review

the type II glucocorticoid receptor agonist dexamethasone. J Pharm
Exp Ther 287: 72-80 :

Marti O, Gavalda A, Gomez F, Armario A (1994) Direct evidence for
chronic stress-induced facilitation of the adrenocorticotropin response
to a novel acute stressor. Neuroendocrinol 60: 1-7

MeCabe R E, Chudzik § M, Antony M M, Young L, Swinson R P, Zol-
vensky M J (2004) Smoking behaviors across anxiety disorders. J
Anxiety Dis 18: 7-18

Matta S G, Singh J, Sharp B M (1990) Catecholamines mediate nicotine-
induced adrenocorticotropin secretion via alpha-adrenergic receptors.
Endocrinology 127: 1646-1655

Matta 8§ G, Valentine J D, Sharp B M (1997a) Nicotinic activation of CRH
neurens in extrahypothalamic regions of the rat brain. Endocrine J 7:
245-253

Matta S G, Valentine J D, Sharp B M (1997b) Nicotine activates NPY and _

catecholaminergic neurons in brainstem regions involved in ACTH
secretion. Brain Res 759: 259-269

Matta 8 G, Fu Y, Valentine J D, Sharp B M (1998) Response of the hypo-
thalamo-pituitary-adrenal axis to nicotine. Psychoneuroendocrin 23:
103-113

Michael A, Jenaway A, Paykel E S, Herbert J (2000) Altered salivary
dehydroepiandrosterone levels in major depression in adults. Biol Psy-
chiatry 48: 989995

Morfin R, Starka L (2001) Neurosteroid 7-hydroxylation products in the
brain. Int Rev Neurabiof 46: 79-95

Morgan C A HI, Rasmusson A M, Wang 8, Hoyt G, Hauger R, Hazlett G
(2002) Newroeptide Y and subjective distress in humans exposed to
acute stress: Replication and extension of previous report. Biol Psychi-
atry 52: 136-142

Morgan C A III, Southwick S, Hazlett G, Rasmusson A, Hoyt G, Zimolo
Z, Chamey D (2004} Relationships among plasma DHEA(S), cortisol,
symptoms of dissociation and objective performance in humans
exposed to acute stress. Arch Gen Psychiatry 67: 819-822

Morgan C A, Wang S, Southwick S M, Rasmusson A, Hazlett G, Hauger
R L, Chamey D S (2000) Plasma neuropeptide-Y concentrations in
humans exposed to military survival training. Biological Psychiairy 47:
902-909

Morrow B A, Eisworth J D, Rasmusson A M, Roth R H (£999) The role of
mesoprefrontal dopamine neurons in the acquisition and expression of
conditioned fear in the rat. Neurosci 92: 553564

Mulchahey J J, Ekhator N N, Zhang H, Kasckow J W, Baker D G, Geraci-
oti T D Jr (2001) Cerebrospinal fluid and plasma testosterone levels in
post-traumatic stress disorder and tobacco dependence. Psychoneu-
roendocrin 26: 273-285

Nordberg A, Bergh C (1985) Effect of nicotine on passive avoidance
behaviour and motoric activity in mice. Acta Pharm Toxicol 56:
337341

Oswald L M, McCaul M, Choi L, Yang X, Wand G S (2004) Catechol-0-
methyltransferase polymorphism aiters hypothalamic-pituitary-adrenal
axis responses to naloxone: a preliminary report. Biol Psychiatry 55
102-105

Pauly J R, Collins A C (1993) An autoradiographic analysis of alterations
in nicotinic cholinergic receptors following 1 week of corticosterone
supplementation. Neuroendocrin 57: 262271

Perez-Stable E J, Benowitz N L, Marin G (£995) Is serum cotinine a better
measure of cigarette smoking than sel-report? Prev Med 24: 171-179

Piazza P V, Maccari S, Deminiere J M, Le Moal M, Mormede P, Simon H
(1991} Corticosterone levels determine individual vulnerability to
amphetamine self-administration. Proc Natl Acad Sci 88: 20882102

Picciotto M R (2003) Nicotine as 2 modulator of behavior: beyond the
inverted U. Trends Pharmacol Sci 24: 493-499

Downioaded from hitpuiffop.sagepuby.com at DARTMOUTH COLLEGE on February 22, 2007
gy. Al rights . Not for usa ol

Picciotto M R, Zoli M, Léna C, Bessis A, Lallemand Y, Le Novére N,
Vincent P, Merlo Pich E, Brulet P, Changeux I-P (1995) Abnormal
avoidance iearning in mice lacking functional high-affinity nicotine
receptor in the brain. Nature 374: 65-67

Pickworth W B, Fant R V (1998) Endocrine effects of nicotine administra-
tion, tobacco and other drug withdrawal in humans. Psychoneuroen-
docrin 23: 131-141

Pirma G, Costa E, Guidotti A (2005) Changes in brain testosterone -and
allopregnanolone biosynthesis elicit aggressive hehavior, PNAS 102:
2135-2140

Pokorski T L, Chen W W, Bertholf R L (1994) Use of urine cotinine to
validate smoking self-reports in U.S. navy recruits. Addictive Behav
19: 451454

Pomerleau C 8, Tate J C, Lumley M A, Pomerleau O F {1994) Gender dif-
ferences in prospectively versus retrospectively assessed smoking
withdrawal symptoms. J Substance Abuse 6: 433440

Pomerleau O F, Pomerleau C 3 {1989} Cortisol response to a psychologi-
cal stressor and/or nicotine. Pharmacol Biochem Behav 36: 211-213

Pomerleau O F, Fertig J B, Shanahan S O (1983) Nicotine dependence in
cigarette smoking: an empirically-based, multivariate model. Pharma-
col Biochem Behav [9: 29[-299

Porcu P, Sogliane C, Cinus M, Purdy R H, Biggio G, Concas A (2003}
Nicotine-induced changes in cerebrocortical neuroactive steroids and
plasma corticosterone concenirations in the rat. Pharmacol Biochem
Behav 74: 683690

Purdy R H, Morrow A L, Moore P H, Paul § M (1991) Stress-induced ele-
vations of GABA type A receptor-active steroids in the rat brain. Proc
Natl Acad Sci 88: 45534557

Rasmusson A, Pinna G, Weisman D, Gottschalk C, Charney D, Krystal J,
Guidotti A (2005) Decreases in CSF allopregnanclone levels in women
with PTSD comrelate negatively with reexperiencing symptoms. Abst.’
Society of Biological Psychiatry Annual Meeting, Atlanta, Georgia,
19-2]1 May

Rasmusson A M, Vythilingam M, Morgan C A III (2003) The neuroern-
docrinology of PTSD — new directions. In Shalev A (ed.), CNS Spec-
trums, The International Joumnal of Neuropsychiatric Med 8: 651667

Rasmusson A M, Hauger R L, Morgan C A I, Bremner J D, Charney D
S, Southwick § M (2000) Low baseline and yohimbine-stimulated
plasma neuropeptide Y (NPY) in combat-related posttraumatic stress
disorder. Biol Psychiatry 47: 526-539

Rasmusson A M, Lipschitz D 8, Wang S, Hu S, Vojveda D, Bremner J D,
Southwick § M, Chamey D 8 (2001) Increased pituitary and adrenal reac-
tivity in premenopausal women with PTSD. Biol Psychiatry 30: 965-977

Rasmusson A M, Vasek J, Lipschitz D, Mustone M E, Vojvoda D, Shi Q,
Gudmundsen G, Morgan C A 111, Wolfe J, Chamey D S (2004) An
increased capacity for adrenal DHEA release is associated negatively
with aveidance symptoms and negative mood in women with PTSD.
Neuropsychopharm 29: 15461557

Rhodes M E, O’Toole 8 M, Czambel R K, Rubin R T (2001} Mate-female
differences in rat hypothalamic-pituitary-adrenal axis responses to
nicotine stimulation. Brain Res Buil 54: 681-688

Romieu P, Meunier J, Garcia D, Zozime N, Martin-Fardon R, Bowen W
D, Maurice T (2004) The sigma, {(a'1) receptor activation is a key step
for the reactivation of cocaine conditioned place preference by drug
priming. Psychopharm 173: 154—162

Rose J E, Levin E D, Benowitz N (1993) Saliva nicotine as an index of
plasma levels in nicotine skin patch uses. Ther Drug Monit 15;
431-435

Rubin R P, Wamer W (1975) Nicotine-induced stimulation of stercidogen-
esis in adrenocortical cells of the cat. Br J Pharm 53: 357-362

Rudehill A, Franco-Cereceda A, Hemsen A, Stensdotter M, Pernow I,

€ 2006 Britlsh A: for Psy

zed Bution,




Smoking and PTSD review 707

Lundberg J M (1989) Cigarette smoke-induced elevation of plasma
neuropeptide Y levels in man. Clinical Physiology 9; 243248

Rupprecht R (2003) Neuroactive steroids: mechanisms of action and neu-
ropsychopharmacological  properties.  Psychoneuroendocrin = 28:
139-168 :

Sartori M P, Sellini M, Baccarini S, Fabiani F (1993} Cigarette smoking
and hormonal changes in the course of the menstrual cycle. Clinica
Terapeutica 143: 15-18

Schumann A, Hapke U, Meyer C, Rumpf H J, John U (2004) Prevalence,
characteristics, associated mental disorders and predictors of DSM-IV
nicotine dependence. Fur Addiction Res /(- 29-34

Secker-Walker R H, Vacek P M, Flynn B 8§, Mead P B (1997) Exhaled
carbon monoxide and urinary cotinine as measures of smoking in preg-
nancy. Addictive Behav 22: 671684

Sellini M, Baccarini 8, Dimitriadis E, Sartori M P, Letizia C (19892)
Effect of smoking on the hypophyseo-adrenal axis. Medicina ¢
194-196

Sellini M, Sartori M P, Baccarini S, Bassi R, Dimitriadis E (1989b) ACTH
and cortisol after cigarette smoke exposure during the dexamethasone
suppression test in smokers and non-smokers. Biologia Sperimental
65: 377-380 :

Semba J, Wakuta M, Maeda J, Suhara T (2004) Nicotine withdrawal
induces subsensitivity of hypothalamic—pituitary—adrenal axis to stress
in rats: implications for precipitation of depression during smoking
cessation. Psychoneuroendoerin 29: 215-226

Sepkovic D W, Haley N J (1985) Biomedical applications of cotinine
quantification in smoking related research. Am J Public Health 75:
663665

Shaffer H }, Eber G B, Hall M N, Vander Bilt J (2000) Smoking behavior
among casino employees: self-report validation using plasma cotinine,
Addictive Behavior 23; 693-702

Shalev A, Bleich A, Ursano R J (1990) Postiraumatic stress disorder:
somatic comorbidity and effort tolerance. Psychosomatics 3/: 197-203

Sharp B M, Beyer H S (1986) Rapid desensitization of the acute stimula-
tory effects of nicotine on rat plasma adrenocorticotropin and prolactin.
J Pharm Exp Ther 238: 486491

Shiffman S (1982) Relapse following smoking cessation: a situational
analysis. J Consult Clin Psychol 50: 71-86

Slawik M, Reisch N, Zwermann O, Maser-Gluth C, Stahl M, Klink A,
Reincke M, Beuschlein F (2004) Characterization of an adrenocorti-
cotropin  {ACTH) receptor promoter polymorphism leading to
decreased adrenal responsiveness to ACTH. J Clin Endo Metab 89:
31313137

Smoller J] W, Rosenbaum J F, Biederman J, Kemnedy J, Dai D, Racette S
R, Laird N M, Kagan [, Snidman N, Hirshfeld-Becker D, Tsuang M T,
Sklar P B, Slaugenhaupt S A (2003) Association of a genetic marker at
the corticotropin-releasing hormone locus with behavioral inhibition.
Biol Psychiatry 54: 1376-1381

Sobell L C, Sobelt M B (1992) Timeline followback: a technique for
assessing self-reported ethanol consurnption. In Allen J, Litten R Z
(eds) Measuring Alcoho! Consumption: Psychosocial and Biochemical
Methods. Humana Press, Inc. Totowa, NJ, 41-72

Sondergaard H P, Hansson L-O, Theorell T (2002) Elevated blood levels
dehydroepiandrosterone sulphate vary with symptom load in posttran-
matic stress disorder: findings from a longitudinal study of refugees in
Sweden. Psychother Psychosom 77: 298-303

Southwick § M, Rasmusson A M, Batron J, Arnsten A (in press) Neurobi-
ological and neurocognitive alterations in FTSD: a focus on norepi-
nephrine, serotonin, and the HPA axis. In Vasterling §, Brewin C (eds)
Neuropsychology of PTSE. Guilford Publications, New York, NY

Southwick S M, Bremner I D, Rasmusson A, Morgan C A 11, Arnsten A,
Charney § (1999) Role of norepinephrine in the pathophysiology and
treatment of posttraumatic stress disorder. Biol Psychiatry 46:
1192-1204

Spivak B, Maayan R, Kotler M, Mester R, Gil-Ad I, Shtaif B, Weizman A
(2000} Elevated circulatory level of GABA ,-antagonistic neurosteroids
in patients with combat-related post-traumatic stress disorder. Psychol
Med 30: 1227-1231

SRNT subcomunittes on Biochemical Verification (2002) Biochemical ver-
ification of tobacco and cessation. Nicotine Tob Res 4: 149-15%

Svikis D S, Hatsukami D K, Hughes J R, Carroll K M, Pickens R W'
(1986) Sex differences in tobacco withdrawal syndrome. Addictive
Behav 11: 459462

Tiffany 8 T, Drobes D J (1991) The development and initial validation of a
questionnaire on smoking urges. BrJ Addict 86 1467-1476 :

Tsuda A, Steptoe A, West R, Fieldman G, Kirschbaum C (1996) Cigarette
smeking and psychophysiological stress responsiveness effects of
recent smoking and temporary abstinence. Psychopharmacol 126:
226-233 .

VanRooyen M, Leaning J (2005) Afier the tsunami — facing the public -
health challenges. New England J Med 352: 435-438

Wagenknecht L E, Butke G L, Perkins L L, Haley N J, Friedman G D
(1992) Misclassification of smoking states in the CARDIA study: A
comparison of self-report with serum cotinine levels. Am J Public
Health 82: 33-36 ' :

Wald N J, Idle M, Boreham J, Bailey A (1981) Carbon monoxide in breath
in relation to smoking and carboxyhaemoglobin levels. Thorax 36:
366-369

Wang H, Napoli K L, Strobel H W (2000) Cytochrome P450 3A9 cat-
alyzes the metabolism of progesterone and other steroid hormones.
Mol Cell Biochem 273: 127-135

Witchel ‘8, Lee P, Suda-Hartman S, Trucco M, Hoffman E (1997) Bvid-
ence for a heterozygote advantage in congenital adrenal hyperplasia
due to 21-hydroxylase deficiency. J Clin Endo Metab 82: 2097-2101

Wust S, Van Rossum E F, Federenko I' S, Koper J W, Kumsta R, Hellham-
mer D H (2004) Common polymorphisms in the glucocorticoid recep-
tor gene are associated with adrenocortical responses to psychosocial
stress. J Clin Endo Metab 8%: 565573

Yaffe K, Ettinger B, Pressnan A, Seeley D, Whooley M, Schaefer C,
Cummings 8 (1998) Neuropsychiatric function and dehydroepiandros-
terone sulfate in elderly women: A prospective study. Biol Psychiatry
43: 694-700

Yehuda R (2002) Current status of cortisol findings in post-traumatic stress
disorder. Psychiatric Clin N Amer 25: 341-368

Young A H, Gallagher P, Porter R J (2002) Elevation of the cortisol-dehy-
droepiandrosterene ratio in drug-free depressed patients. Am J Psychi-
atry 159: 12371239

Young E A, Breslau N (2004a) Cortisol and catecholamines in posttrau-
matic stress disorder: an epidemiologic community study. Arch Gen
Psychiatry 6/: 394401

Young E A, Breslan N (2004b) Saliva cortisol in posttraumatic stress dis-
order: a community epidemiologic study. Biol Psychiatry 56; 205209

Dawnloaded from hitp:ffiop.sagepub.com at DARTMOUTH COLLEGE on February 22, 2007
gy. Al rights Not far

use or

& 2006 British for Pay




